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(54) Method for producing liquid discharging head 



(57) A method for producing a liquid discharge head 
provided with an element substrate and a ceiling plate 
which are fixed in a mutually opposed state, plural liquid 
path walls provided between said ceiling plate and said 
element substrate and defining plural liquid paths, plural 
discharge energy generating elements provided in par- 
allel manner on the surface of said element substrate 
so as to be respectively positioned in said plural liquid 
paths, and plural movable members provided on said 
element substrate so as to respectively oppose to said 
plural discharge energy generating elements and 
formed like a cantilever, fixed at the upstream ends in 
the flowing direction of the liquid in said liquid paths and 
having free ends at the downstream ends, the method 
comprising steps of forming a gap forming member in a 
position, on the surface provided with said discharge en- 
ergy generating element of said element substrate, cor- 
r sponding to a bubble generating area where a bubble 
is generated in the liquid by the thermal energy gener- 
ated by said discharge energy generating element, 
forming a first material layer to constitute said movable 
member on said gap forming member, patterning an an- 
ti-etching protective film in the form of said movable 
member, forming a second material layer to constitute 
said liquid path walls so as to cover the upper and lateral 
faces of said patterned anti-etching protective film, re- 
moving a portion corresponding to said liquid path in 



said second material layer by etching, thereby forming 
said liquid path walls and said liquid path, cutting said 
element substrate to be plurally separated between said 
step of patterning said movable member and said step 
of forming said second material layer, and removing said 
gap forming member after the formation of said liquid 
path. 
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De cription 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a method for 
producing a liquid discharging head adapted for use in 
a printer constituting an output terminal for a copying 
apparatus, a facsimile apparatus, a word processor or 
a host computer or in a video printer, and more particu- 
larly to a method for producing a liquid discharging head 
having a substrate on which formed is an electrothermal 
converting element for generating thermal energy to be 
used for recording. More specifically, it relates to a meth- 
od for producing a liquid discharging head adapted for 
us in a liquid discharge recording apparatus which ex- 
ecutes recording by discharging recording liquid (such 
as ink) as a flying droplet from a discharge opening (or- 
ifice) and depositing the liquid onto a recording medium. 

Related Background Art 

[0002] There is already known so-called bubble jet re- 
cording method, namely an ink jet recording method of 
providing ink with an energy such as heat to cause a 
state change involving an abrupt volumic change in the 
ink, discharging ink from the discharge opening by an 
action force based on such state change and depositing 
the ink onto a recording medium to form an image. The 
recording apparatus employing such bubble jet record- 
ing method is generally provided, as disclosed in the U. 
S. Patent No. 4,723,129, with a discharge opening for 
discharging ink, an ink path communicating with the dis- 
charge opening and an electrothermal converting mem- 
ber provided in the ink path and serving as energy gen- 
erating means for generating energy for discharging the 
ink. 

[0003] Such recording method has various advantag- 
es for example of recording an image of high quality at 
a high speed with a low noise level, and recording an 
image of a high resolution or even a color image with a 
compact apparatus since, in the head executing such 
recording method, the ink discharge openings can be 
arranged with a high density. For this reason, the bubble 
jet recording method is recently employed in various of- 
fice equipment such as printers, copying machines, fac- 
simile apparatus etc., and even in industrial systems 
such as fabric dyeing apparatus. 

[0004] With the spreading of the bubble jet technology 
into various fields, there are appearing various demands 
explained in the following. 

[0005] For example, in order to satisfy a demand for 
improving the energy efficiency, there is conceived op- 
timization of the heat generating member, such as ad- 
justment of the thickness of the protective film for the 
heat generating member. This method is effective in im- 
proving the efficiency of propagation of the generated 



h at to the liquid. 

[0006] Also for obtaining the image of high quality, 
there is proposed a driving method for liquid discharge 
capable of realizing a faster ink discharging speed and 

5 satisfactory ink discharge based on stable bubble gen- 
eration, and, for achieving high-speed recording, there 
is proposed an improved shape of the liquid path for re- 
alizing the liquid discharge head with a faster refilling 
speed of the liquid into the liquid path. 

io [0007] Also in relation to the basic principle of liquid 
discharge, investigations have been made to provide a 
novel liquid discharging method utilizing the bubble that 
has not been available and a head adapted for use in 
such method, and such method and head are disclosed 

is for example in the Japanese Patent Application Laid- 
open No. 9-201966. 

[0008] In the following there will be explained, with ref- 
erence to Figs. 21 A to 21 D and 22, the conventional liq- 
uid discharging method and the head therefor disclosed 

20 in the Japanese Patent Application Laid-open No. 
9-201966. Figs. 21 A to 21 D are cross-sectional views 
along the liquid path, for explaining the discharging prin- 
ciple of the conventional liquid discharge head, and Fig. 
22 is a partially broken perspective view of the liquid dis- 

25 charge head shown in Figs. 21 A to 21 D. The liquid dis- 
charge head shown in Figs. 21 A to 21 D and 22 has a 
basic configuration of controlling the pressure propagat- 
ing direction based on the bubble and the growing di- 
rection thereof, thereby improving the discharging force 

30 and the discharging efficiency. 

[0009] In the following description, the expression 
■upstream" or "downstream" refers to the liquid flowing 
direction from the liquid supply source,- then through 
above a bubble generating area, toward the discharge 

35 opening. 

[0010] The "downstream side" relating to the bubble 
itself refers to the side of discharge opening of the bub- 
ble, considered principally acting on the discharge of the 
liquid droplet. More specifically, it means the down- 

*o stream side in the flowing direction mentioned above or 
the direction in the above-described configuration with 
respect to the center of the bubble, or means a bubble 
generated in an area of the heat generating member in 
the downstream side with respect to the areal center 

45 thereof 

[0011] Also the "comb-tooth shape" means a shape 
in which movable members are as a common member 
at the fulcrum ends thereof and are liberated in front of 
the free ends thereof. 

50 [0012] In the configuration shown in Figs. 21 A to 21 D, 
the liquid discharge head is provided, on an element 
substrate 1101, with a heat generating member 1 1 02 as 
a discharge energy generating element for giving ther- 
mal energy to the liquid for the discharge thereof, and a 

55 liquid path 1103 is provided on the element substrate 

1101, corresponding to the heat generating member 

1102. The liquid path 1103 communicates with a dis- 
charge opening 1104 and also with a common liquid 
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chamber 1105 for supplying plural liquid paths 1103 with 
the liquid, and receives, from the common liquid cham- 
ber 1 1 05, with the liquid of an amount matching the dis- 
charged amount thereof. 

[0013] On the element substrate 1101 in the liquid 
path 1 1 03, a plate-shaped movable member 1 1 06, com- 
posed of an elastic material such as metal and having 
a flat portion, is formed in the form of a beam supported 
at an end, so as to face the aforementioned heat gen- 
erating member 1102. An end of the movable member 
1 106 is fixed to a support member 1107 formed by pat- 
terning photosensitive resin or the like on the wall of the 
liquid path 1103 or on the element substrate 1101, 
whereby the movable member 1 106 is supported by the 
support member 1107 with a fulcrum 1108. 
[0014] The movable members 1106 are constructed 
in a comb-tooth shape, whereby the movable member 
1 1 06 can be prepared easily and inexpensively, and can 
be easily aligned with the support member 1107. 
[0015] The movable member 1106 is so positioned as 
to be opposed to and to cover the heat generating mem- 
ber 1 1 02, with a distance of about 1 5 u.m therefrom, and 
to have the fulcrum 1108 at the upstream side in the 
main flowing direction of the liquid, caused by the liquid 
discharging operation, from the common liquid chamber 
1 105 through above the movable member 1106 toward 
the discharge opening 1 1 04 and to have the free end 
1 1 09 at the downstream side with respect to the fulcrum 
1108 A space between the heat generating member 
1 102' and the movable member 11 06 constitutes a bub- 
ble generating area 1110. 

[0016] Heat generation by the heat generating mem- 
ber 1102 applies heat to the liquid in the bubble gener- 
ating area 1110 between the movable member 1106 and 
the heat generating member 1102, thereby generating 
a bubble in the liquid based on a film boiling phenome- 
non as described in the U.S. Patent No. 4,723,129 (see. 
Fig. 21 B). The bubble 111 and the pressure resulting 
from the generation thereof are preferentially applied to 
the movable member 1 106 : which in response displaces 
to open widely toward the discharge opening 1 1 04 about 
the fulcrum 1108, as shown in Figs. 21 B and 21 C or in 
Fig. 22. Based on the displacement of the movable 
member 1106 or the displaced state thereof, and also 
on a fact that the front end portion of the bubble has a 
certain width, the pressure resulting from the generation 
of the bubble 1111 can more easily propagate toward 
the discharge opening 1104, whereby a basic improve- 
ment can be attained in the discharging efficient of the 
liquid droplet 1133, discharging force thereof or dis- 
charging speed thereof. A reference number 1130 indi- 
cates the areal center of the heat generating member 
[0017] As explained in the foregoing, the technology 
disclosed in the Japanes Patent Application Laid-open 
No. 8-4892 is to positively control the bubble by posi- 
tioning th fulcrum and the free end of the movable 
member in the liquid path in such a manner that the free 
end is provided at the side of the discharge opening or 



at the downstream side, and by positioning the movabl 
member so as to be opposed to the heat generating 
member or the bubble generating area. 
[0018] Also a liquid discharge head shown in Fig. 23 
5 has an element substrate 1 201 , a heat generating mem- 
ber 1202, a liquid path 1203, a discharge opening 1204, 
a common liquid chamber 1205 and a bubble generating 
area 1209 which are similarly constructed as those 
shown in Figs. 21 A to 21 D and which will not, therefore, 
10 be explained further. 

[0019] In the liquid discharge head shown in Fig. 23, 
the movable member 1 206 formed as a beam supported 
at an end is provided, at an end thereof, with a step dif- 
ference portion 1206a, and is directly fixed to the ele- 
15 ment substrate 1201. Thus the movable member 1206 
is supported on the element substrate 1201 with a ful- 
crum 1 207 and has a free end 1 208 at the downstream 
side of the fulcrum 1207. 

[0020] A gap of about 1 to 20 u.m is formed between 
the movable member and the heat generating member 
by forming a support member in the fixing portion of the 
movable member or forming a step difference in the fix- 
ing portion of the movable member as explained in the 
foregoing, thereby achieving a sufficient improvement 
in the liquid discharging efficiency by the movable mem- 
ber. Thus, in the liquid discharge head based on the 
above-described novel principle of liquid discharge, 
there can be attained a multiplying effect of the gener- 
ated bubble and the movable member displaced there- 
by, thus achieving efficient discharge of the liquid 
present in the vicinity of the discharge opening, thereby 
improving the liquid discharging efficiency in compari- 
son with the discharging method or head of the conven- 
tional bubble jet system. 

[0021] The present invention is to improve the funda- 
mental discharge characteristics of the basically con- 
ventionally method of discharging liquid by forming a 
bubble, particularly a bubble based on film boiling, in the 
liquid path, to a level that cannot be anticipated before. 
[0022] The present inventors have made intensive in- 
vestigations in order to provide a novel liquid droplet dis- 
charging method utilizing the conventionally unavailable 
bubble and a head utilizing such method. In these in- 
vestigations, there have been executed first technical 
analysis on the function of the movable member in the 
liquid path, analyzing the principle of the mechanism of 
the movable member in the liquid path, a second tech- 
nical analysis on the principle of liquid droplet discharge 
by the bubble, and third technical analysis on the bubble 
forming area of the heat generating member for bubble 
formation, and, through these analyses, there has been 
established a completely novel technology of positively 
controlling the bubble by positioning the fulcrum and the 
free end of the movable member in such a manner that 
the free end is provided at the side of the discharg 
opening or at the downstream side and by positioning 
the movable member so as to be opposed to the heat 
generating member or the bubble generating ar a. 
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[0023] Then, in consid ration of the effect of the en- 
rgy of the bubble itself on the discharge amount, there 
is obtained knowledge that the growing component in 
the downstream side of the bubble is the largest factor 
capable of drastically improving the discharge charac- 
teristics. More specifically, it has been found that the ef- 
ficient conversion of the growing component in the 
downstream side of the bubble toward the discharging 
direction leads to an improvement in the discharge effi- 
ciency and discharge speed. 

[0024] It has further been found that structural consid- 
eration is desirable on the movable or the liquid path 
relating to the heat generating area serving to form the 
bubble, for example relating to the bubble growth in the 
downstream side with respect to the central line passing 
through the areal center of the electrothermal converting 
member in the liquid flowing direction, or in the down- 
stream side of the bubble with respect to the areal center 
of the area contributing to the bubble generation. 
[0025] It has further been found that the refilling speed 
can be significantly improved by giving consideration to 
the arrangement of the movable member and the struc- 
ture of the liquid supply path. 

[0026] Also there has been found a difficulty in cutting 
the element substrate bearing the movable members 
from a wafer with a dicing saw, that the production yield 
is lowered by breaking of the movable member by the 
pressure of water at the cutting operation or by the air 
pressure generated by the high-speed rotation of the 
diamond blade, since a gap of about 1 to 20 urn is 
present between the movable member and the heat 
generating member. 

SUMMARY OF THE INVENTION 

[0027] An object of the present invention is to provide 
a liquid discharge head capable, at least at the cutting 
of the element substrate bearing the movable member, 
of preventing breakage or deformation of the movable 
member by the pressure of grinding water or by the air 
pressure generating by the high-speed rotation of the 
dicing blade, thereby enable stable manufacture with a 
high production yield. Another object of the present in- 
vention is to provide a liquid discharge head and a liquid 
discharge apparatus of high reliability with stable dis- 
charging characteristics, in liquid discharge utilizing the 
displacement of the free end of the movable member. 
Still another object of the present invention is to provide 
a method for producing the liquid discharge head, ca- 
pable of forming the movable member etc. thereof with 
a high precision and a high density. 
[0028] Still another object of the present invention is 
to provide a method for producing the liquid discharge 
head, capable of improving the yield safely without com- 
plicating the process, in case the method includes a step 
of cutting the element substrate bearing the movable 
member from a wafer by dicing operation. 
[0029] An aspect of the present invention provides a 



liquid discharge h ad comprising a discharge opening 
for discharging liquid, a liquid path communicating with 
the discharge opening for supplying the discharge open- 
ing with the liquid, a substrate provided with a heat gen- 
5 erating member for generating a bubble in the liquid 
filled in the liquid path, and a movable member support- 
ed by the substrate in a position opposed to the heat 
generating member on the substrate, with a gap to the 
substrate and with the free end at the side of the dis- 
io charge opening, wherein the free end of the movable 
member is displaced, by the pressure generated by the 
generation of the bubble, toward the discharge opening 
about a fulcrum portion present in the vicinity of the sup- 
porting portion for the movable member on the sub- 
's strate, thereby discharging the liquid from the discharge 
opening. 

[0030] An aspect of the present invention provides a 
method for producing a liquid discharge head provided 
with an element substrate and a ceiling plate which are 

20 fixed in a mutually opposed state, plural liquid path walls 
provided between the ceiling plate and the element sub- 
strate and defining plural liquid paths, plural discharge 
energy generating elements provided in parallel manner 
on the surface of the element substrate so as to be re- 

25 spectively positioned in the plural liquid paths, and plural 
movable members provided on the element substrate 
so as to respectively oppose to the plural discharge en- 
ergy generating elements and formed like a cantilever, 
fixed at the upstream ends in the flowing direction of the 

30 liquid in the liquid paths and having free ends at the 
downstream ends, comprises following steps of: 



forming a gap forming member in a position, on the 
surface provided with the discharge energy gener- 
ating element of the element substrate, correspond- 
ing to a bubble generating area where a bubble is 
generated in the liquid by the thermal energy gen- 
erated by the discharge energy generating element; 
forming a first material layer to constitute the mov- 
able member on the gap forming member; 
patterning an anti-etching protective film in the form 
of the movable member; 

forming a second material layer to constitute the liq- 
uid path walls so as to cover the upper and lateral 
faces of the patterned anti-etching protective film; 
removing a portion corresponding to the liquid path 
in the second material layer by etching, thereby 
forming the liquid path walls and the liquid path; 
cutting the element substrate to be plurally separat- 
ed between the step of patterning the movable 
member and the step of forming the second mate- 
rial layer; and 

removing the gap forming member after the forma- 
tion of the liquid path. 
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[0031] An aspect of the present invention provides a 
method for producing a liquid discharge head provided 
with an element substrate and a ceiling plate which are 
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fixed in a mutually opposed state, plural liquid path walls 
provided between the ceiling plate and the element sub- 
strate and defining plural liquid paths, plural discharge 
energy generating elements provided in parallel manner 
on the surface of the element substrate so as to be re- 
spectively positioned in the plural liquid paths, and plural 
movable members provided on the element substrate 
so as to respectively oppose to the plural discharge en- 
ergy generating elements and formed like a cantilever, 
fixed at the upstream ends in the flowing direction of the 
liquid in the liquid paths and having free ends at the 
downstream ends, comprises steps of: 

forming a gap forming member in a position, on the 
surface provided with the discharge energy gener- 
ating element of the element substrate, correspond- 
ing to a bubble generating area where a bubble is 
generated in the liquid by the thermal energy gen- 
erated by the discharge energy generating element; 
forming a first material layer to constitute the mov- 
able member on the gap forming member; 
forming an anti-etching protective film in the form of 
the movable member on the first material layer; 
patterning the first material layer thereby forming 
the movable member; 

forming a second material layer to constitute the liq- 
uid path walls so as to cover the upper and lateral 
faces of the patterned anti-etching protective film; 
removing a portion corresponding to the liquid path 
in the second material layer by etching, thereby 
forming the liquid path walls and the liquid path; 
removing the gap forming member after the forma- 
tion ot the liquid path; and 

cutting the element substrate to be plurally separat- 
ed between the step of forming the movable mem- 
ber and the step of removing the gap forming mem- 
ber. 

[0032] An aspect of the present invention provides a 
method for producing a liquid discharge head at least 
includes: 

a discharge opening for discharging liquid; 
a liquid path communicating with the discharge 
opening for supply of the liquid thereto; 
a substrate provided with a heat generating mem- 
ber for generating a bubble in the liquid filled in the 
liquid path; and 

a movable member supported by and fixed to the 
substrate in a position opposed to the heat gener- 
ating member on the substrate with a gap from the 
substrate and with a free end at the side of the dis- 
charge opening; 

wherein the free end of the movable member is 
displaced toward the discharge opening about a fulcrum 
portion formed in the vicinity of the fixing portion of the 
movable member on the substrate by the pressure in- 



duced by the generation of the bubble, wh reby the liq- 
uid is discharged from the discharge opening, the meth- 
od comprising steps of: 

5 forming a gap forming member on the substrate for 
forming the gap; 

forming the movable member on the gap forming 
member; 

cutting the substrate to be plurally separated; and 
removing the gap forming member 

[0033] An aspect of the present invention provides a 
method for producing a liquid discharge head which in- 
cludes: 

a discharge opening for discharging liquid; 
a liquid path communicating with the discharge 
opening for supply of the liquid thereto; 
a substrate provided with a heat generating mem- 
ber for generating a bubble in the liquid filled in the 
liquid path; and 

a movable member supported by and fixed to the 
substrate in a position opposed to the heat gener- 
ating member on the substrate with a gap from the 
substrate and with a free end at the side of the dis- 
charge opening; 

wherein the free end of the movable member is 
displaced toward the discharge opening about a fulcrum 
portion formed in the vicinity of the fixing portion of the 
movable member on the substrate by the pressure in- 
duced by the generation of the bubble, whereby the liq- 
uid is discharged from the discharge opening, the meth- 
od comprising steps of: 

forming a protective layer on the substrate in order 
to form a plurality of the substrates on a single wa- 
fer; 

forming a gap forming member on the substrate and 
on the protective layer for forming the gap; 
forming a base material for the movable member on 
the substrate, the protective layer and the gap form- 
ing member: 

patterning the base material for the movable mem- 
ber thereby forming the movable member; 
removing the protective layer; 
filling a gap filling material in the gap; 
cutting and separating each substrate from the wa- 
fer; and 

removing the gap forming member by washing. 

[0034] An aspect of the present invention provides a 
method for producing a liquid discharge head which in- 
cludes: 

a discharge opening for discharging liquid; 
a liquid path communicating with the discharge 
opening for supply of the liquid thereto; 
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a substrate provided with a heat generating mem- 
ber for gen rating a bubble in the liquid filled in the 
liquid path; and 

a movable member supported by and fixed to the 
substrate in a position opposed to the heat gener- s 
ating member on the substrate with a gap from the 
substrate and with a free end at the side of the dis- 
charge opening; 

wherein the free end of the movable member is 10 
displaced toward the discharge opening about a fulcrum 
portion formed in the vicinity of the fixing portion of the 
movable member on the substrate by the pressure in- 
duced by the generation of the bubble, whereby the liq- 
uid is discharged from the discharge opening, the meth- is 
od comprising steps of: 

forming a protective layer on the substrate in order 
to form a plurality of the substrates on a single wa- 
fer; 20 
separating each substrate by cutting from the wafer 
in a state in which a gap filler is filled in the gap be- 
tween the movable member and the substrate; and 
removing the gap filler by washing after the step of 
separation by cutting. 2S 

[0035] The method for producing such liquid dis- 
charge head forms the movable member and the walls 
of the liquid path directly on the element substrate, uti- 
lizing the general manufacturing steps for the semicon- 30 
ductor device such as photolithography and etching, 
whereby these components can be formed with a high 
precision and with a high density. Also, in comparison 
with the case of separately preparing and thereafter as- 
sembling these components, there can be dispensed 35 
with the assembling step so that the manufacturing 
process can be simplified. Furthermore, as the movable 
member need not be adhered with an adhesive material, 
there can be avoided the contamination of the liquid in- 
side the liquid path or the bubble generating area by 40 
such adhesive material. 

[0036] Also in the step of forming the walls of the liquid 
path, an orifice plate having plural discharge openings 
respectively communicating with plural liquid paths may 
be formed in a position at the front end face of the walls 45 
of such plural liquid paths, simultaneously with the for- 
mation of the walls of the plural liquid paths on the ele- 
ment substrate. This method directly forms the orifice 
plate on the element substrate, thereby dispensing with 
the step of adhering the orifice plate and further simpli- so 
fying the producing method for the liquid discharge 
head. 

[0037] It is preferable, in a step of patterning an anti- 
etching protective film, to pattern a first material layer 
constituting the movable member, simultaneously an ss 
anti-etching protective film. 

[0038] It is preferable to form the movable member, 
the walls of the plural liquid paths and the orifice plate 



with silicon n itride, a gap forming memb r with phosphor 
silicate glass (PSG) and an anti-etching prot ctive film 
with aluminum. 

[0039] A same material is preferably contained in the 
element substrate, movable member, walls of the liquid 
path, orifice plate and ceiling plate. In this manner, in 
case the temperature of the liquid discharge head is el- 
evated by the thermal energy generated by the energy 
generating elements, it is rendered possible to suppress 
the stress resulting from the difference in the linear ex- 
pansion coefficients of the members constituting the liq- 
uid discharge head. Consequently the mechanical char- 
acteristics of the liquid discharge head are improved, 
thereby improving the liquid discharge characteristics. 
More specifically it is preferred to constructing the ele- 
ment substrate by forming plural energy generating el- 
ements on a silicon substrate and forming the movable 
member, walls of the liquid path, orifice plate and ceiling 
plate with silicon nitride. 

[0040] It is furthermore preferred to include a step of 
forming plural heater drivers for respectively driving the 
energy generating elements, respectively correspond- 
ing to the plural energy generating elements and in a 
linear array parallel to the arranged direction of the en- 
ergy generating elements. In this manner the wirings 
can be arranged in an efficient layout on the surface of 
the element substrate, and the element substrate can 
be made compacter in chip size. More specifically, the 
heater driver can be composed of a transistor of offset 
MOS type, LDMOS type or LVMOS type with a voltage 
endurance of 10 to 50 V, in order to reduce the pitch of 
the heater drivers. Also the energy generating element 
can be composed of TaSiN having a sheet resistance of 
50 QJO or higher, thereby enabling to drive the energy 
generating elements with a pitch of several microme- 
ters. 

[0041] In the above-described producing method, in 
separating each heater substrate by dicing operation af- 
ter plural heater substrates bearing the movable mem- 
bers are formed on a single wafer, there is included a 
coating step for a gap filling material for filling the gap 
between the heater substrate and the movable member 
prior to the cutting operation, in order to protect the mov- 
able member from the pressure of the grinding water or 
the air pressure generated by the high-speed rotation of 
the diamond blade, thereby resolving the drawback of 
loss of the production yield resulting from the breakage 
of the movable member. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0042] 

Fig. 1 is a cross-sectional view, along the direction 
of liquid path, showing the basic configuration of the 
liquid discharge head produced by a first embodi- 
ment of the present invention; 
Fig. 2 is a plan view showing an element substrate 
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of the liquid discharg head shown in Fig. 1 ; 
Fig. 3 is a magnified view of a portion III in Fig 2; 
Fig. 4 is a magnified view showing another example 
of the element substrate of the liquid discharge 
head shown in Fig. 1 ; 

Figs. 5A, 5B, 5C, 5D, 5E, 5F 5G, 5H, 51 and 5J are 
views showing steps in a former part of the first em- 
bodiment of the producing method of the present 
invention for the liquid discharge head; 
Figs. 6A, 6B, 6C, 6D, 6E, 6F, 6G, and 6H are views 
showing steps in a latter part of the producing meth- 
od shown in Figs. 5A to 5J; 

Figs. 7A, 7B, 7C, 7D, 7E, 7F, 7G and 7H are views 
showing steps in a second embodiment of the pro- 
ducing method of the present invention for the liquid 
discharge head; 

Figs. 8A, 8B, 8C, 8D, 8E, 8F : 8G, 8H, 81 and 8J are 
views showing steps in a third embodiment of the 
producing method of the present invention for the 
liquid discharge head; 

Figs. 9A, 9B, 9C, 9D, 9E, 9F, 9G and 9H are views 
showing steps in a latter part of the producing meth- 
od shown in Figs. 8A to 8J; 

Figs. 10A, 10B, 10C, 10D, 10E, 10F, 10G, 10H, 101 
and 1 0J are views showing steps in a fourth embod- 
iment of the producing method of the present inven- 
tion for the liquid discharge head; 
Figs. 11A, 11B, 11C, 11D, 11E, 11F, 11G, 11H, 111 
and 1 1J are views showing steps in a latter part of 
the producing method shown in Figs. 10A to 10J; 
Figs. 12A, 12B, 12C, 12D, 12E, 12F, 12G, 12H, 121 
and 12J are views showing steps in a fifth embodi- 
ment of the producing method of the present inven- 
tion for the liquid discharge head; 
Figs. 13A, 13B, 13C, 13D, 13E, 13F, 13G, 13H, 131 
and 1 3J are views showing steps in a latter part of 
the producing method shown in Figs. 12A to 12J; 
Fig. 14 is a perspective view showing a liquid dis- 
charge apparatus in which the liquid discharge 
h ad shown in Fig. 1 is mounted; 
Fig. 15 is a block diagram of the entire ink jet re- 
cording apparatus employing the liquid discharge 
head shown in Fig. 1 ; 

Fig. 1 6 is a cross -sectional view, along the direction 
of liquid path, of a liquid discharge head of a sixth 
embodiment of the present invention; 
Figs. 17A, 17B, 17C, 17D, 17E, 17F, 17G and 17H 
and 18A, 18B, 18C, 18D. 18E, 18F, 18G and 18H 
are cross -sectional views, in a direction perpendic- 
ular to the liquid path, showing steps of forming 
movable members on the substrate for the liquid 
discharge head of the sixth embodiment of the 
present invention; 

Figs. 1 9 and 20 are transmissive perspective views 
showing the discharge process of the liquid dis- 
charge head embodying the present invention; 
Figs. 21 A. 21 B, 21 C and 21 D are cross-sectional 
vi ws, in a direction along the liquid path, showing 



th discharging principle in the conv ntional liquid 
discharge head; 

Fig. 22 is a partially broken perspective view of the 
liquid discharge head shown in Figs. 21 A to 21 D: 

5 Fig. 23 is a cross-sectional view, in a direction along 
the liquid path of the liquid discharge head of an- 
other conventional configuration; 
Figs. 24A, 24B, 24C, 24D, 24E, 24F and 24G are 
cross-sectional views, in a direction perpendicular 

io to the liquid path, showing steps for forming the liq- 
uid discharge head of a seventh embodiment of the 
present invention; and 

Fig. 25 is a view showing the mode of adhesion of 
a ceiling plate in the seventh embodiment of the 
*5 present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

20 [First embodiment] 

[0043] Now the present invention will be explained in 
detail by an embodiment thereof, with reference to the 
attached drawings. 

25 [0044] Fig. 1 is a cross-sectional view, in a direction 
along the liquid path, showing the basic configuration of 
the liquid discharge head constituting a first embodi- 
ment of the present invention. As shown in Fig. 1, the 
liquid discharge head of the present embodiment is pro- 

30 vided with an element substrate 1 on which plural heat 
generating members 2 (only one being illustrated) are 
formed in parallel manner as the discharge energy gen- 
erating elements for generating thermal energy for gen- 
erating a bubble in the liquid, a ceiling plate 3 adhered 

35 onto the element substrate 1 , and an orifice plate ad- 
hered to the front end face of the element substrate 1 
and the ceiling plate 3. 

[0045] The element substrate 1 is formed by a silicon 
oxide film or a silicon nitride film for electrical insulation 

40 and heat accumulation on a substrate such as of silicon 
and patterning thereon an electrical resistance layer 
constituting the heat generating member 2 and wirings 
therefor. The wirings serve toapply a voltage to the elec- 
trical resistance layer to induce a current therein, there- 

45 by generating heat in the heat generating member 2. On 
the wirings and the electrical resistance layer, there is 
formed a protective film for protection from the ink, and 
an anticavitation film is formed thereon for protection 
from the cavitation resulting from the vanishing of the 

so ink bubble. 

[0046] The ceiling plate 3 serves to form plural liquid 
paths respectively corresponding to the heat generating 
members 2 and a common liquid chamber 8 for supply- 
ing the liquid paths 7 with the liquid, and is integrally 

55 provided with liquid path lateral walls 9 extending from 
the ceiling to the gaps between the heat generating 
members 2. The ceiling plate 3 is composed of a silicon- 
containing material, and the liquid paths 7 and the com- 
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mon liquid chamb r 8 are formed by pattern tching of 
a silicon substrate or by depositing silicon nitride or sil- 
icon oxide constituting the lateral walls 9 onto the silicon 
substrate by a known film forming method such as C VD 
and then etching the portions of the liquid paths 7. s 
[0047] In the orifice plate 4, there are formed plural 
discharge openings respectively corresponding to the 
liquid paths 7 and communicating with the common liq- 
uid chamber 8 through the liquid paths 7. The orifice 
plate 4 is also composed of a silicon-based material, and io 
is formed for example by scraping a silicon substrate, 
on which the discharge openings (ports) 5 are formed, 
into a thickness of 10 to 150 um The orifice plate 4 is 
however not the essential component in the present in- 
vention, and may be replaced by the ceiling plate 3 with is 
the discharge openings, formed by retaining a wall of a 
thickness corresponding to that of the orifice plate 4 at 
the front end face of the ceiling plate 3 at the formation 
of the liquid paths 7 thereon and forming the discharge 
openings 5 in thus retained wall portion. zo 
[0048] In addition, the liquid discharge head is provid- 
ed with a movable member 6 in the form of a cantilever, 
so positioned as to be opposed to the heat generating 
member 2 and as to divide the liquid path 7 into a first 
liquid path 7a communicating with the discharge open- zs 
ing 5 and a second liquid path 7b including the heat gen- 
erating member 2. The movable member 6 is composed 
of a thin film of a silicon -contain ing material such as sil- 
icon nitride or silicon oxide. 

[0049] The movable member 6 is so positioned as to 30 
be opposed to and to cover the heat generating member 
2, with a predetermined distance therefrom, in such a 
manner as to have a fulcrum 6a at the upstream side in 
the direction of main liquid flow generated by the liquid 
discharging operation from the common liquid chamber 35 
8 through the movable member 6 toward the discharge 
opening 5 and to have a free end 6b at the downstream 
side with respect to the fulcrum 6a. The space between 
the heat generating member 2 and the movable member 
6 constitutes a bubble generating area 10. 40 
[0050] When the heat generating member 2 gener- 
ates heat in the above-described configuration, heat is 
applied to the liquid in the bubble generating area 10 
between the movable member 6 and the heat generat- 
ing member 2, whereby a bubble is generated and 45 
grows on the heat generating member 2, based on the 
film boiling phenomenon. The pressure resulting from 
the growth of the bubble preferentially acts on the mov- 
able member 6, whereby the movable member 6 dis- 
places so as to open widely toward the discharge open- so 
ing 5 about the fulcrum 6a, as indicated by a broken line 
in Fig. 1. The displacement of the movable member 6 
or the displaced state thereof guides the pressure based 
on bubble generation and the growth of the bubble itself 
toward the discharge opening 5, whereby the liquid is ss 
discharged therefrom. 

[0051] Thus, by positioning the movable member 6 on 
the bubble generating area 10, with the fulcrum 6a at 



the upstream side (side of common liquid chamb r 8) of 
the liquid flow in the liquid path 7 and with the free end 
6b at th downstream side (side of discharge opening 
5), the propagation of the bubble pressure is guided to- 
ward the downstream side whereby the bubble pressure 
directly and efficiently contributes to the liquid dis- 
charge. Also the growing direction itself of the bubble is 
guided toward the downstream direction, like the direc- 
tion of pressure propagation, whereby the bubble grows 
larger in the downstream side than in the upstream side. 
Such control of the growing direction itself of the bubble 
and the propagating direction of the bubble pressure by 
the movable member allows to improve the fundamental 
discharging characteristics of the discharge efficiency, 
discharge force or discharge speed. 
[0052] On the other hand, when the bubble enters a 
vanishing stage, the bubble shrinks rapidly by the mul- 
tiplying effect with the elastic force of the movable mem- 
ber 6, whereby it eventually returns to the solid-lined in- 
itial position shown in Fig. 1 . In order to compensate the 
volumic shrinkage of the bubble in the bubble generat- 
ing area 10 and the volume of the discharged liquid, the 
liquid flows in from the common liquid chamber 8 to 
achieve liquid refilling into the liquid path 7, and such 
liquid refilling is achieved efficiently, reasonably and sta- 
bly in cooperation with the returning operation of the 
movable member 6. 

[0053] As explained in the foregoing, in such liquid 
discharge head of the present embodiment, the element 
substrate 1 is arranged by a silicon substrate, while the 
ceiling plate 3, liquid path lateral walls 9, orifice plate 4 
and movable member 6 are composed of silicon-based 
materials, so that silicon is contained in these compo- 
nents. Consequently, there can be suppressed the 
stress generated from the difference in the linear expan- 
sion coefficients of these components. It is therefore 
made possible to improve the mechanical characteris- 
tics of the liquid discharge head, thereby stabilizing the 
discharge characteristics and realizing the liquid dis- 
charge head of high reliability. 

[0054] Fig. 2 is a plan view of the element substrate 
1 shown in Fig. 1 . On a face of the element substrate 1 , 
at the side of the ceiling plate 3, plural heat generating 
members 2 are arranged in parallel along an edge of the 
element substrate 1 as shown in Fig. 2. On the above- 
mentioned face of the element substrate 1, the central 
portion constitutes a heater driver forming area 21 , in 
which plural heater drivers 31 (see. Fig. 3) are arrayed 
in a direction same as the array direction of the plural 
heat generating members 2. Also in a portion of the 
heater driver forming area 21 , opposite to the heat gen- 
erating members 2, there is formed a shift register latch 
22. 

[0055] Fig. 3 is a magnified view of a portion II I in Fig. 
2. The element substrate 1 of the present embodiment 
employs heaters arranged with a high density, providing 
a resolution of 600 dpi (dot per inch) or higher in the 
recorded image. In consid ration of the arrangement of 
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wirings on the element substrate 1 , the heater drivers 

31 for driving the heat generating members 2 are ar- 
ranged in a linear array. In the heater driver forming area 
21 shown in Fig. 2, the heater drivers 31 are formed in 

a direction parallel to that of the heat generating mem- 5 
bers 2 as shown in Fig. 3. The pitch P1 of the heater 
drivers 31 is same as the pitch of the heat generating 
members 2, and is selected in a range of 15 to 42 urn. 
[0056] The heater driver 31 is composed of a source 

32 extending in a direction perpendicular to the direction 10 
of array of the heater drivers 31 , a drain 33 and a gate 

34 parallel to the source 32, and the drain 33 is electri- 
cally connected to the heat generating member 2. In the 
heater driver forming area 21 , there are formed a heater 
driving power source 35 and a ground 36 composed of is 
a metal layer. 

[0057] The heater driver 31 is required to have a high 
voltage endurance (about 1 0 to 50 V) and to be of a very 
narrow width in order to be positioned with a pitch of 1 5 
to 42 nm as explained above. The heater driver 31 sat- 20 
isfying such requirements can be composed of a tran- 
sistor of offset MOS type, LDMOS type or VDMOS type. 
[0058] Fig. 4 is a magnified view showing a second 
xample of the element substrate 1 shown in Fig. 1. In 
contrast to the configuration shown in Fig. 3 in which the 2s 
pitch of the heater drivers 31 is same as that of the heat 
generating members 2, in the configuration shown in 
Fig. 4, the pitch P3 of the heat generating members 2 is 
twice of the pitch P2 of the heater drivers 31 . With such 
element substrate 1 , plural heat generating members 2 30 
are positioned for each nozzle and are driven for a single 
nozzle thereby achieving tonal recording. 
[0059] In the following there will be explained an ex- 
ample employing the element substrate 1 of the config- 
uration shown in Fig. 3 or 4, wherein the heat generating 35 
members 2 are so arranged as to attain a resolution of 
1200 dpi on the record image. In such case, the voltage 
of the power source for driving the heat generating 
member 2 is preferably as high as possible, in consid- 
eration of fluctuation in the resistance of wirings, in the 40 
power source itself or in the heater drivers 31. In the 
present embodiment, the voltage of the power source is 
selected as 24 V. The pitch of the heat generating mem- 
bers 2 is about 21 u.m, and the width thereof is selected 
as 1 4 pm including a margin. The length of the heat gen- 4s 
erating member 2 is selected as 60 u.m, in order to se- 
cure the area thereof required for attaining the recording 
density of 1 200 dpi. In order to drive the heat generating 
member 2 with an interval of several microseconds, the 
resistance of the heat generating member 2 has to be so 
made high, and the sheet resistance thereof is required 
to be 50 OA3. 

[0060] Therefore, the resistance of the heat generat- 
ing memb r 2 for 1 200 dpi is selected as 200 Q. or higher, 
by selecting TaSiN as the material therefor. The heater ss 
driver 31 is composed of a transistor of LDMOS type 
which can be formed relatively small in the width. An 
image of 1 200 dpi can be recorded by driving the liquid 



996 A2 16 

discharge head of such configuration. 
[0061] In the liquid discharge head with the heat g n- 
erating members 2 arranged with a high density as ex- 
plained above, the heater driver 31 can be composed 
of a transistor of offset MOS type, LDMOS type or VD- 
MOS type, whereby the heater drivers can be arranged 
in a linear array of a high density on the element sub- 
strate 1 and the wirings can be arranged in an efficient 
layout on the element substrate 1 . As a result, the ele- 
ment substrate 1 can be formed compact in the chip 
size. 

[0062] Also there can be realized the liquid discharge 
head with limited fluctuation in the voltage applied to the 
heat generating members, by the combination of the 
heat generating members 2 having a sheet resistance 
as high as 50 Q/D or even higher and the heater driver 
31 of the above-mentioned MOS structure capable of 
withstanding a voltage of 10 V or even higher 
[0063] In the following there will be explained the 
method for producing the liquid discharge head of the 
present embodiment. Figs. 5A to 5J and 6A to 6H illus- 
trate the producing method for the liquid discharge head 
explained with reference to Fig. 1 . Figs. 5A to 5E and 
6A to 6D are cross-sectional views along a direction per- 
pendicular to the extending direction of the liquid paths, 
and Figs. 5F to 5J and 6E to 6H are corresponding 
cross-sectional views in the direction along the liquid 
paths. The liquid discharge head of the present embod- 
iment is prepared through steps shown in Figs. 5A to 5E 
and 6A to 6D, and those shown in Figs. 5F to 5J and 6E 
to 6H. A broken line in these drawings indicates a posi- 
tion where cutting is to be made. 
[0064] At first, as shown in Figs. 5A and 5F, on the 
entire face of the element substrate 1 at the side of the 
heat generating members 2, a PSG (phosphosilicate 
glass) film 101 is formed by CVD at a temperature of 
350°C. The thickness of the PSG film 101 corresponds 
to the gap between the movable member 6 and the heat 
generating member 2 shown in Fig. 1 and is selected as 
1 to 20 pm. This gap has an effect of enhancing the ef- 
fect of the movable member 6 in the balance of the entire 
liquid path of the liquid discharge head. Then the PSG 
film 101 is patterned by applying a resist material (not 
shown) on the PSG film 101 for example by spin coating, 
then executing exposure and development in the pho- 
tolithographic process, and eliminating a portion of the 
resist where the movable member 6 is to be fixed. 
[0065] Then the portion of the PSG film 1 01 , not cov- 
ered by the resist, is removed by wet etching employing 
buffered hydrofluoric acid. Then the resist remaining on 
the PSG film 101 is removed by oxygen plasma etching 
or by immersing the element substrate 1 in a resist re- 
mover. Thus, as shown in Figs. 5B and 5G, a part of the 
PSG film 101 remains on the surface of the element sub- 
strate 1 and constitutes a gap forming member corre- 
sponding to the space of the bubble generating area 1 0. 
Through these steps, a gap forming member corre- 
sponding to the space of the bubble generating area 10 
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is form d on th element substrate 1 . 
[0066] Th n, as shown in Figs. 5C and 5H, a SiN film 
1 02 of a thickness of 1 to 1 0 *im is formed as a first ma- 
terial layer, on the surface of the element substrate 1 
and the PSG film 101, by plasma CVD at 400°C, em- 
ploying ammonia and silane gas. A part of the SiN film 
constitutes the movable member 6. Si 3 N 4 is best for the 
composition of SiN film 102, but the proportion of N with 
respect to S can be within a range of 1 to 1 .5 in order to 
obtain the effect of the movable member 6. Such SiN 
film is commonly employed in the semiconductor proc- 
ess and has alkali resistance, chemical stability and ink 
resistance. The method for producing the SiN film 102 
is not limited as long as the material thereof has a struc- 
ture and a composition for obtaining the optimum phys- 
ical properties for the movable member 6, as a part of 
this film constitutes the movable member 6. For exam- 
ple, the SiN film 102 can be formed, instead of the plas- 
ma CVD, by normal pressure CVD, LPCVD, biased 
ECRCVD, microwave CVD, sputtering or coating. Also 
the SiN film may have a multi-layered structure with suc- 
cessive changes in the composition, in order to improve 
the physical properties such as stress, rigidity or 
Young's modulus, or chemical properties such as alkali 
resistance or acid resistance. It is also possible to real- 
ize a multi-layered structure by successive additions of 
an impurity or to add an impurity in a single-layered film. 
[0067] Then, as shown in Fig. 5D and 51 , an anti-etch- 
ing protective film 103 is formed on the SiN film 102. As 
the anti-etching protective film 103, an AJ film of a thick- 
ness of 2 urn is formed by sputtering. The anti-etching 
protective film 103 prevents the damage to the SiN film 
102 for constituting the movable member 6, in a next 
etching step for forming the liquid path lateral walls 9. 
In case the movable member 6 and the lateral walls 9 
of the liquid path are formed with approximate similar 
materials, the movable member 6 is etched at the etch- 
ing for forming the lateral walls 9. 
Therefore, in order to prevent damage by etching on the 
movable member 6, the anti-etching protective film 103 
is formed on a face of the SiN film 102 constituting the 
movable member 6, opposite to the element substrate 1. 
[0068] Then, in order to form the SiN film 102 and the 
anti-etching protective film 103 into a predetermined 
shape, a resist material is coated on the anti-etching 
protective film 103 for example by spin coating and pho- 
tolithographic patterning is executed. Then as shown in 
Figs. 5E and 5J, the SiN film 102 and the anti-etching 
protective film 1 03 are etched into the shape of the mov- 
able member 6 by dry etching for example with CF 4 gas 
or by reactive ion etching. In this manner the movable 
member 6 is formed on the surface of the element sub- 
strate 1 . Then the element substrate 1 is cut with a dicing 
saw into plural units. Though not illustrated, thus divided 
plural element substrates 1 respectively have the PSG 
film 1 01 , the SiN film 102 and the anti-etching protective 
film 103 and are subjected to the succeeding steps to 
be explained in the following, thereby providing plural 



liquid discharge heads. In the foregoing description, th 
anti-etching protective film 103 and the SiN film 102 are 
patterned at the same time, but it is also possible to at 
first pattern the protective film 103 alone into the shape 
5 of the movable member 6 and then to pattern the SiN 
film 102 in a later step. 

[0069] Then, as shown in Figs. 6A and 6E, a SiN film 
1 04 of a thickness of 20 to 40 pm is formed as a second 
material layer, on the anti-etching protective film 103, 

io PSG film 1 01 and element substrate 1 . Microwave CVD 
is employed in case of forming the SiN film 1 04 promptly. 
The SiN film 104 eventually constitutes the lateral walls 
9 of the liquid path. For the SiN film 104, there are not 
required the film properties ordinarily required in the 

*5 semiconductor manufacturing process, such as the pin- 
hole concentration or the film density, but the SiN film 
104 is only required to satisfy the ink resistance and the 
mechanical strength as the lateral walls 9 of the liquid 
path. The pinhole concentration of the SiN film 104 may 

20 become somewhat higher by the fast film formation 
thereof. 

[0070] Also, the material of the liquid path lateral walls 
9 is not limited to SiN film but can be composed of any 
film with suitable mechanical strength and ink resistance 

2S such as a SiN film containing an impurity or a SiN film 
with modified composition. It can also be composed of 
a diamond film, a hydrogenated amorphous carbon film 
(diamond-like carbon film) or an inorganic film of alumi- 
na or zircon ia family. 

30 [0071] Then, in order to form the SiN film 104 into a 
predetermined shape, a resist material is coated on the 
SiN film 104 for example by spin coating and photolith- 
ographic patterning is executed. Then the SiN film 104 
is formed into the shape of the liquid path lateral walls 

35 9 by dry etching for example with CF 4 gas or by reactive 
ion etching. There may also be employed ICP (induction 
coupled plasma) etching, most suitable for high-speed 
etching of the thick SiN film 104. In this manner the lat- 
eral walls 9 of the liquid path are formed on the surface 

40 of the element substrate 1 . 

[0072] Then, as shown in Figs. 6B and 6F, after the 
etching of the SiN film 104 as explained in the foregoing, 
the resist remaining on the SiN film 104 is removed by 
oxygen plasma etching or by immersing the element 

4 $ substrate 1 in resist remover. 

[0073] Then, as shown in Figs. 6C and 6G, the anti- 
etching protective film 103 on the SiN film 102 is re- 
moved by wet etching or by dry etching. In addition to 
these methods, there may be employed any method ca- 

so pable of removing the anti-etching protective film 103 
only. Also the anti-etching protective film 103 need not 
be removed if it does not detrimentally influence the 
characteristics of the movable member 6 and is com- 
posed of a film of high ink resistance such as a Ta film. 

55 [0074] Then, as shown in Figs. 6D and 6H, the PSG 
film 101 (gap forming member) 101 under the SiN film 
102 is removed with buffered hydrofluoric acid whereby 
the liquid discharge head of the present embodiment is 
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completed. 

[0075] In the above-described method for producing 
the liquid discharge head, the movable member 6 and 
the lateral walls 9 of the liquid path are directly formed 
on the element substrate, so that, in comparison with 
the case of separately preparing and thereafter assem- 
bling these components, there can be dispensed with 
the assembling step and the manufacturing process can 
be simplified. Also, as the movable member need not 
be adhered with an adhesive material, the liquid inside 
the first liquid path 7a or the second liquid path 7b is not 
contaminated by such adhesive material. Furthermore, 
in contrast to the conventional process, it is possible to 
avoid damaging the surface of the element substrate 1 
at the assembling or dust generation at the adhesion of 
the movable member 6. Furthermore, as the compo- 
nents are formed through semiconductor manufacturing 
steps such as photolithography or etching : the movable 
member 6 and the liquid path lateral walls 9 can be 
formed with a high precision and with a high density. 

[Second embodiment] 

[0076] Figs. 7 A to 7H illustrate a second embodiment 
(variation of first embodiment) of the method for produc- 
ing the liquid discharge head, explained in the foregoing 
with reference to Figs. 5A to 5J and 6A to 6H. In the 
second embodiment, the orifice plate 4 is formed simul- 
taneously with the formation of the liquid path lateral 
walls 9 in the producing method explained with refer- 
ence to Figs. 5A to 5J and 6A to 6H. In the following 
there will be explained, with reference to Figs. 7A to7H, 
the producing method for the liquid discharge head in 
which the lateral walls 9 and the orifice plate 4 are si- 
multaneously formed. Figs. 7A to 7D successively show 
the steps of the producing method, in which Figs. 7A 
and 7B are cross-sectional views along a direction per- 
pendicular to the extending direction of the liquid paths 
while Figs. 7C and 7D are elevation views, and Figs. 7E 
to 7H are corresponding cross-sectional views in a di- 
rection along the liquid paths. 

[0077] After the formation of the SiN film 104 as 
shown in Figs. 6D and 6H, photolithographic patterning 
and etching are executed so as to leave portions of the 
SiN film 104, corresponding to the liquid path lateral 
walls 9 and the orifice plate 4 as shown in Figs. 7A and 
7E . I n this manner the orifice plate 4 and the lateral walls 
9 of a thickness of 2 to 30 jam are simultaneously formed 
on the surface of the element substrate 1 . 
[0078] Then, as shown in Figs. 7B and 7F, the anti- 
etching protective film 103 on the SiN film 102 is re- 
moved by wet etching or dry etching. 
[0079] Then, as shown in Figs. 7C and 7G, the PSG 
film (gap forming memb r) 101 under the SiN film 102 
is removed with buffered hydrofluoric acid. 
[0080] Then, as shown in Figs. 7D and 7H, the orifice 
plate 4 is subjected to ablation by irradiation with an ex- 
cimer laser, thereby forming the discharge opening 5 in 



the orifice plate 4. In this operation, the mol cular bond- 
ing of the SiN film 102 is cleaved with a KrF excimer 
laser having a photon energy of 1 1 5 kcal/mol exceeding 
the dissociation energy 105 kcal/mol of the SiN film 102. 
5 The work with the excimer laser, being a non-thermal 
work, can achieve a high precision without thermal de- 
formation or carbonization around the worked part. 

[Third embodiment] 

10 

[0081] Figs. 8A to 8J and 9A to 9H illustrate a method 
for producing the liquid discharge head, constituthg a 
third embodiment of the present invention. In contrast 
to the first embodiment (Figs. 5A to 5J and 6A to 6H) in 
75 which the element substrate 1 is cut after the patterning 
of the SiN film 102 constituting the movable member 6, 
in the present embodiment, the element substrate 1 is 
cut after the liquid path lateral walls 9 and the liquid path 
are formed by the SiN film 104. In Figs. 8A to 8J, a bro- 
ken line indicates a line Y where the cutting is to be 
made. 

[Fourth embodiment] 

2S [0082] Figs. 10A to 10J and 11 A to 11 J illustrate a 
method for producing the liquid discharge head, consti- 
tuting a fourth embodiment of the present invention. In 
the present embodiment, the PSG film 101 under the 
SiN film 102 is removed after the formation of the orifice 

30 plate 4 by the SiN film 104. In Figs. 10A to 10J, a broken 
line indicates a line Y where the cutting is to be made. 

[Fifth embodiment] 

35 [0083] Figs. 12A to 12J and 13A to 13J illustrate a 
method for producing the liquid discharge head, consti- 
tuting a fifth embodiment of the present invention. In 
contrast to the first embodiment (Figs. 5A to 5J and 6A 
to 6H) in which the element substrate 1 is cut after the 
40 patterning of the SiN film 102 constituting the movable 
member 6, the element substrate 1 in the present em- 
bodiment (Figs. 1 2A to 1 2J and 1 3A to 1 3J) is cut after 
the formation of the orifice plate 4 by the SiN film 104. 
In Figs. 1 2A to 1 2 J, a broken line indicates a line Y where 
45 the cutting is to be made. 

[0084] Also in the foregoing embodiments, the PSG 
film 101 under the SiN film 102 is removed after the cut- 
ting of the element substrate 1 , but the removal may be 
executed in any step after the cutting of the element sub- 
strate 1 . The removal may also be executed after the 
adhesion of the ceiling plate 3 or after the mounting of 
the head, though these steps are not described in the 
foregoing embodiments. Such methods allow to prevent 
breakage or deformation of the movable member 6 in 
various steps, thereby providing the liquid discharge 
head of high reliability. 
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[Sixth embodiment] 

[0085] In the following there will be explained a sixth 
embodiment of the present invention, with reference to 
the attached drawings. 5 
[0086] Fig. 16 is a cross-sectional view, in a direction 
along the liquid path, of the liquid discharge head of the 
sixth embodiment of the present invention. In the liquid 
discharge element shown in Fig. 16, a heat generating 
member 502, constituting a discharge energy generat- io 
ing element for applying thermal energy to the liquid, is 
provided in an array of plural units on a smooth element 
substrate 501 , and plural liquid paths 51 0 are formed on 
the element substrate 1, respectively corresponding to 
the heat generating members 502. The neighboring liq- is 
uid paths 510 are separated by a liquid path partition 
wall 1101 formed on a ceiling plate 550. Each liquid path 
510 communicates with a discharge opening 518 and 
with a common liquid chamber 51 3 for liquid supply, and 
receives, from the common liquid chamber 513, the liq- 20 
uid of an amount corresponding to the liquid discharged 
from the discharge opening 518. A meniscus M formed 
by the discharge liquid is maintained in the vicinity of the 
discharge opening 518, by the balance between the 
capillary force generated by the internal walls of the dis- 2s 
charge opening 51 8 and the liquid path 1 0 communicat- 
ing therewith and the generally negative internal pres- 
sure of the common liquid chamber 1 3. 
[0087] Each liquid chamber 10 is constituted by ad- 
hesion of the element substrate 1 having plural heat 30 
generating members 502 and the ceiling plate 550, and 
a bubble generating area 51 1 for generating a bubble in 
the discharge liquid by rapid heating of the heat gener- 
ating member 502 is present in the vicinity of the inter- 
face between the heat generating member 502 and the 35 
discharge liquid. In each liquid path 510 having the bub- 
ble generating area 511, a movable member 531 is so 
provided that at least a part thereof is opposed to the 
heat generating member 502 with a desired distance 
thereto. The movable members 531 are comb-tooth 40 
shaped, each comb tooth extending in the liquid path 

510 and having a free end 532 at the downstream side 
toward the discharge opening 518. The movable mem- 
ber 531 has a step difference portion 531a at the up- 
stream side and is supported on the element substrate 45 
501 in a position opposed to the common liquid chamber 
513. Particularly in the present embodiment, in order to 
suppress the growth ol the upstream half of the bubble, 
influencing the backward wave toward the upstream 
side and the inertial force of the liquid, the free end 532 so 
is positioned at the approximate center of the bubble 
generating area 511. The movable member 531 is ca- 
pable of displacement, about a fulcrum 533, together 
with the growth of the bubble generated in the bubble 
generating area 511. ss 
[0088] Above the center of the bubble generating area 

51 1 in each liquid path 51 0, there is positioned a stopper 
(limiting portion) 564 to limit the displacement of the 



movabl memb r 531 to a certain rang , in order to sup- 
press the growth of the upstream half of the bubble. In 
the liquid path from the common liquid chamber 51 3 to 
the discharge opening 51 8, in an upstream position with 
respect to the stopper 564, there is formed a low flow 
resistance area 565 having a lower liquid flow resistance 
in comparison with that in the liquid path 510. Such low 
resistance area 565 is so constructed as to lack the up- 
per wall or to have a larger cross section, in order to 
reduce the resistance of the liquid path to the liquid flow. 
[0089] In the following there will be explained the pro- 
ducing method for the above-described movable mem- 
ber 531, with reference to Figs. 17A to 17H and 18A to 
18H, which illustrate process steps for producing the 
movable member on the substrate of the liquid dis- 
charge head of the present embodiment. Figs. 17A to 
17H are cross-sectional views in a direction perpendic- 
ular to the direction of the liquid path, and Figs. 18A to 
18H are cross-sectional views in a direction along the 
liquid path. In these drawings, a broken line indicates a 
line where the cutting is to be made. 
[0090] Referring to Figs. 17A and 18A, on a wafer for 
example of silicon, bearing plural element substrates 20 
on which the heat generating members 502 and driving 
elements therefor are formed, a T1W film 521 as a pro- 
tective layer for protecting the electric wiring layer was 
formed with a thickness of about 2000 A by sputtering. 
[0091] Then, as shown in Figs. 17B and 18B, as a 
member for forming the gap (gap forming member) be- 
tween the heat generating member 502 and the mova- 
ble member 531, an Al film 522 of a thickness of about 
5 urn was formed by sputtering and was patterned by 
the known photolithographic process. The gap forming 
member may be composed, instead of aluminum, of an 
aluminum-containing alloy such as Al-Cu, Al-Ni, Al-Cr, 
Al-Co or Al-Fe. 

[0092] Then, as shown in Figs. 17C and 18C, a SiN 
film 523 was formed with a thickness of about 5 urn by 
plasma CVD and patterned by a photolithographic proc- 
ess to form the movable portions and the step difference 
portions of the comb-tooth shape. Then etching was 
conducted, utilizing the Al film 522 as the etching stop 
layer (cf. Figs. 17Dand 18D). 

[0093] The SiN film 523 was formed by three succes- 
sive depositions by plasma CVD. More specifically, after 
the formation of a SiN film of about 2.0 urn, a Si0 2 film 
of about 1 .0 urn was deposited in the reaction chamber 
of a different CVD apparatus, and the formation of a SiN 
film of about 2.0 urn was then repeated to obtain the SiN 
film 523 of about 5 ujti in thickness. Such process was 
employed due to the following reason. The formation of 
the movable member by a continuous SiN film causes 
grain growth in the film, leading to the formation of grain 
boundaries, which deteriorate the durability of the mov- 
able member particularly in case such grain boundaries 
are formed in the fulcrum portion of the movable mem- 
ber. The above-described layered structure, including 
the Si0 2 film of a low Young's modulus, allows to inter- 
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rupt the grain growth, thus interrupting the grain bound- 
aries. It is thus rendered possible to increase the toler- 
ance for the bending of the movable member resulting 
from the displacement thereof, thereby improving the 
strength and durability of the movable member. s 
[0094] Then, as shown in Figs. 17E and 18E, the Al 
film 522 was etched off in warmed state with a mixture 
of acetic acid, nitric acid and hydrochloric acid. Then the 
TiW film 521, protecting the wirings, was removed with 
hydrogen peroxide. io 
[0095] Then wafer is cut with a dicing saw into indi- 
vidual element substrate 501 after the removal of the 
pad protecting layer (TiW film) and the gap forming 
member (Alfilm) between the movable member 531 and 
the element substrate 501 as explained above, but, prior is 
to such cutting, a filler for filling the gap is coated on the 
substrate in order to prevent breakage of the movable 
member 531 by the water pressure at the cutting oper- 
ation. 

[0096] In the following there will be explained the de- 20 
tails of coating of the gap filler. 

[0097] Onto the wafer heated to about 1 00° C on a hot 
plate, wax (for example Alcowax 5402 manufactured by 
Nikka Seiko Co.) melted in advance is dropped as the 
gap filler 525 and is uniformly coated by spin coating 25 
befor the wax is cooled (Figs. 17F and 18F). More uni- 
form coating can be achieved by employing a spin coat- 
er provided with a heating mechanism in the wafer suc- 
tion unit Thus the gap between each movable member 
524 and the element substrate 501 is filled with the filler 30 
525. 

[0098] Then the wafer is cooled to the room temper- 
ature, and, after confirmation that the coated wax is so- 
lidified, the master wafer is adhered to a dicing tape (for 
example Elep Holder V-8M manufactured by Nitto 35 
Denko Co.) as the preparation for the dicing operation, 
in order to avoid scattering of each divided chip from the 
wafer. 

[0099] Then, as shown in Figs. 1 7G and 1 8G, the wa- 
fer is separated into individual chip constituting each el- 40 
ement substrate 502 by a dicing machine (for example 
Model A-WD-4000 manufactured by Tokyo Seimitsu 
Co.), and the wax filled in the gap of the movable mem- 
ber 524 is washed off (see Figs. 17H and 18H). The 
washing operation for the above-mentioned wax can be 
achieved with a solvent such as isopropyl alcohol (I PA) 
or xylene. The chip is then subjected to replacement of 
the solvent with deionized water and dried. 
[0100] Instead of the above -described coating meth- 
od, it is also possible to drop and spin coat a gap filler, so 
consisting of aqueous solution of polyvinyl alcohol 
(PVA) in water of about 90°C, on the wafer, and, after 
solidification by drying, to cut the wafer into the individ- 
ual chip with the dicing machine as explained in the fore- 
going and to wash off PVA with hot water. ss 
[0101] It is also possible to spin coat photoresist 
(OFR-5 manufactured by Tokyo Oka Kogyo Co.) as the 
filler, then, after solidification by drying at 50°C, to cut 



th wafer with th dicing machine and to wash off the 
filler with isopropyl alcohol, xylene or acetone. Also 
manicure liquid or paraffin may be used as the filler for 
spin coating and washed off with xylene or acetone after 
the chip cutting. 

[0102] Figs. 19 and 20 are transmissive perspective 
views showing the discharging steps of the head of the 
present invention. 

[0103] According to the above-described producing 
method for the movable member, it is possible to im- 
prove the strength of the movable member 531 when it 
is significantly bent by the bubble generated on the heat 
generating member 2 in states shown in Figs. 1 9 and 
20. Also the fulcrum 533 can be given a sufficient 
strength required when the movable member 531 is 
bent by a large amount. 

[Seventh embodiment] 

[0104] In the foregoing sixth embodiment, the sub- 
strate is cut in a state after the formation of the movable 
member on the substrate. In the present embodiment, 
after the substrate bearing the movable member and the 
ceiling plate are adhered to form the liquid path and the 
common liquid chamber, the adhered member of the 
substrate and the ceiling plate is cut into individual head. 
[0105] Figs. 24A to 24G are cross-sectional views 
showing the steps for producing the liquid discharge 
head of the seventh embodiment, in a direction perpen- 
dicular to the liquid path, and Fig. 25 is a view showing 
the mode of adhesion in the large-sized substrate in the 
present embodiment. In Figs. 24Ato24G, a broken line 
indicates a line Y where the cutting is to be made. 
[01 06] At first, as in the sixth embodiment, a gap form- 
ing member 522 is formed on the substrate 501 in order 
to form the gap between the movable member 524 and 
the substrate 501 (Fig. 24A). Then a SiN film for forming 
the movable member is so formed as to cover the gap 
forming member and patterned to form the movable 
member 524 (Fig. 24B). Then, a SiN film for forming the 
liquid path walls is formed on the substrate 501 bearing 
the movable member 524 (Fig. 24C), and, after surface 
smoothing, a portion constituting the liquid path is 
etched off to form the liquid path walls. Subsequently a 
ceiling plate 550 bearing recesses for forming the ink 
supply aperture and the liquid chamber is adhered to 
the substrate 501 bearing the liquid path walls thereon, 
thus forming the liquid path and the common liquid 
chamber (Fig. 24D). In this stage in the present embod- 
iment, the substrate 501 and the ceiling plate 550 are in 
a state of large-sized substrate as shown in Fig. 25, 
bearing thereon patterns of plural heads, and the adhe- 
sion of the substrate 501 and the ceiling plate 550 is 
conducted by adhesion of two large-sized substrates as 
shown in Fig. 25 (arrow A). Then, after the filling with 
filler, the large-sized substrates are cut and separated 
(Fig. 25 (arrow B)). 

[0107] After the adhesion of th two large-sized sub- 
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strate and ceiling plate, and prior to the cutting into the 
chip size, a resinous material that can be easily wash d 
off is filled, as the gap filler similar to that in the foregoing 
embodiment, from the ink supply aperture into the liquid 
path and the common liquid chamber, in order to avoid s 
deformation or breakage of the movable member 524, 
chipping or cracking in the substrate 501 or in the ceiling 
plate 550 at the cutting operation and also to prevent 
intrusion of fine particles generated at the cutting oper- 
ation into the nozzles (Fig. 24E). io 
[0108] A specific example of such resinous material 
can be: 



[01 09] Such resinous material can be used by dissolv- 
ing in primary alcohol (for example isopropyl alcohol) 
with a concentration of 10 to 50 wt.%, filtering for remov- 
ing dusts etc. and filling into the nozzles and the com- 
mon liquid chamber. 

[0110] The filling operation can be made more uni- 
formly and to the fine structure by reducing the pressure 
inside the nozzles and the common liquid chamber. Af- 
ter filling, heating is executed at 1 00°C to 1 20°C to evap- 
orate solvent such as I PA, thereby obtaining a complete- 
ly solidified state. 

[0111] Then the wafer is adhered to a dicing tape (El- 
ep Holder V-8M manufactured by Nitto Denko Co.), in 
order to avoid scattering of each divided chip from the 
wafer at the cutting operation. 

[01 1 2] Then the wafer is separated into individual chip 
by a dicing machine (Model A-WD-4000 manufactured 
by Tokyo Seimitsu Co.) (Fig. 24F). 
[0113] After separation into the individual head, the 
filler is removed to complete the head (Fig. 24G). The 
filler in the fine structure is completedly dissolved and 
removed with an alcoholic solvent such as I PA, acetone 
or a mixture thereof, eventually under the application of 
ultrasonic wave or megasonic wave (800 Hz to 1 MHz). 
[0114] In case of a-camphor, it is solidified by evapo- 
rating IPA under a reduced pressure, and, after cutting, 
it can be removed by merely heating, without solvent 
washing, because it is sublimable. 
[0115] It is also possible to employ a mixture of the 
materials (1 ) to (3) as the filler. 

[0116] Fig. 14 is a perspective view of a liquid dis- 
charging apparatus in which the above-described liquid S5 
discharge head is mounted. In the present mbodiment, 
there will be explained in particular an ink jet recording 
apparatus IJRA employing ink as the discharge liquid. 



As shown in Fig. 1 4, a carriage HC provid d in the ap- 
paratus IJRA supports a head cartridge in which a liquid 
container 90 containing ink and a liquid discharge head 
200 are detachably mounted. The recording apparatus 
IJRA is also provided with recording medium conveying 
means, and the carriage HC reciprocates in the trans- 
versal direction (indicated by arrows a, b) of the record- 
ing medium 150 such as recording sheet conveyed by 
the recording medium conveying means. When a drive 
signal is supplied from an unrepresented drive signal 
source to the liquid discharge head 200 on the carriage 
HC in the recording apparatus IJRA, the liquid discharge 
head 200 discharges ink toward the recording medium 
150 in response to such drive signal. 
[0117] The recording apparatus IJRA is further pro- 
vided with a motor 111, gears 112, 113 and carriage 
shafts 85a, 85b for transmitting the power of the motor 
1 1 1 to the carriage HC, thereby driving the recording me- 
dium conveying means and the carriage HC. Satisfac- 
tory recorded images can be obtained by discharging 
liquid to various recording media by the recording appa- 
ratus IJRA. 

[0118] Fig. 15 is a block diagram of the entire appa- 
ratus for driving the ink jet recording apparatus employ- 
ing the liquid discharge head of the present invention. 
[0119] As shown in Fig. 15, the recording apparatus 
receives the print information from a host computer 300, 
as a control signal 401. The print information is tempo- 
rarily stored in an input/output interface 301 in the re- 
cording apparatus, and also converted into data proc- 
essable in the recording apparatus and entered into a 
CPU (central processing unit) serving also as drive sig- 
nal supply means. The CPU 302 processes the data en- 
tered thereto, utilizing peripheral units such as a RAM 
304 and based on a control program stored in a ROM 
303, thereby converting the data into print data (image 
data). 

[0120] Also the CPU 302 prepares data for driving a 
motor 306 for moving recording sheet and the liquid dis- 
charge head 200 in synchronization with the image data, 
in order to record the image data in an appropriate po- 
sition on the recording sheet. Simultaneous with the 
transmission of the image data through the head driver 
307 to the liquid discharge head 200, the motor driving 
data are transmitted to the motor 306 through the motor 
driver 305. Thus the liquid discharge head 200 and the 
motor 306 are respectively driven at the controlled tim- 
ing to form an image. 

[0121] The recording medium applicable to the 
above-described recording apparatus and subjected to 
deposition of liquid such as ink can be various papers, 
an OHP sheet, plastic materials employed in the com- 
pact disk or decoration plates, cloth, a metal plate such 
as of aluminum or copper, cow or pig leather, artificial 
leather, wood or plywood, bamboo, plastics such as a 
tile, a three-dimensionally structured material such as 
sponge etc. 

[01 22] Also the above-described recording apparatus 



(1) a novolac (novolak) resin such as ortho-cresol 
novolac (manufactured by Sumitomo Chemical is 

Co.); 

(2) a phenolic resin such as H-series or HF-series 
resin (manufactured by Meiwa Kasei Co.); more 
specifically HF-3 (molecular weight 512 to 562 dis- 
solved in IPA; or 20 

(3) a-camphor (manufactured by Kanto Chemical 
Co.). 
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includes a print r for r cording on various pap rs or 
OHP sheet; a plastics recording apparatus for recording 
on plastics such as a compact disk; a metal recording 
apparatus for recording on metal; a leather recording 
apparatus for recording on leather; a wood recording ap- 
paratus for recording on wood; a ceramic recording ap- 
paratus for recording on ceramics; a recording appara- 
tus for recording on a three-dimensionally structure ma- 
terial such as sponge; and a dyeing apparatus for re- 
cording on cloth. 

[0123] The discharge liquid to be employed in such 
liquid discharge apparatus can be designed according 
to respective recording medium and recording condi- 
tions 

[0124] As explained in the foregoing, the method of 
the present invention for producing the liquid discharge 
head can avoid breakage or damage of the movable 
member, thereby enabling stable manufacture with an 
improved yield, since the process is executed in a state 
in which the gap forming member is formed between the 
movable member and the element substrate. As the 
movable member can be formed with a high precision, 
th re are provided advantages of stabilizing the liquid 
discharging characteristics and providing the liquid dis- 
charge head of high reliability. Particularly in a process 
including a step of cutting the element substrate, there 
can be obtained an important advantage of avoiding the 
breakage of the movable member, since the cutting op- 
eration is executed while the gap forming member is 
formed between the movable member and the element 
substrate. 

[0125] Also according to the present invention, since 
the movable member and the liquid path walls are di- 
rectly formed on the element substrate of the liquid dis- 
charge head, in comparison with a case of separately 
preparing these members and assembling those after- 
wards, there are obtained advantages of dispensing 
with the assembling step, thereby simplifying the man- 
ufacturing process. 

[01 26] Also in the method of the present invention for 
producing the liquid discharge head, the movable mem- 
ber, the liquid path walls and the orifice plate can be di- 
rectly formed on the element substrate through the 
steps of semiconductor manufacturing process such as 
photolithography and etching, so that these members 
can be prepared with a high precision and with a high 
density. Consequently a liquid discharge head, capable 
of recording a high definition image, can be produced 
easily. 



Claims 



10 



15 



20 



25 



30 



35 



40 



45 



3. 



50 



A method for producing a liquid discharge head pro- 
vided with an element substrate and a ceiling plate 
which are fixed in a mutually opposed state, plural 
liquid path walls provided between said ceiling plate 
and said element substrate and defining plural liq- 
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uid paths, plural discharge en rgy generating le- 
ments provided in parallel manner on the surfac of 
said element substrate so as to be respectively po- 
sitioned in said plural liquid paths, and plural mov- 
able members provided on said element substrate 
so as to respectively oppose to said plural dis- 
charge energy generating elements and formed like 
a cantilever, fixed at the upstream ends in the flow- 
ing direction of the liquid in said liquid paths and 
having free ends at the downstream ends, the meth- 
od comprising steps of: 

forming a gap forming member in a position, on 
the surface provided with said discharge ener- 
gy generating element of said element sub- 
strate, corresponding to a bubble generating 
area where a bubble is generated in the liquid 
by the thermal energy generated by said dis- 
charge energy generating element; 
forming a first material layer to constitute said 
movable member on said gap forming member; 
patterning an anti-etching protective film in the 
form of said movable member; 
forming a second material layer to constitute 
said liquid path walls so as to cover the upper 
and lateral faces of said patterned anti-etching 
protective film; 

removing a portion corresponding to said liquid 
path in said second material layer by etching, 
thereby forming said liquid path walls and said 
liquid path; 

cutting said element substrate to be plurally 
separated between said step of patterning said 
movable member and said step of forming said 
second material layer; and 
removing said gap forming member after the 
formation of said liquid path. 

A method for producing a liquid discharge head ac- 
cording to claim 1 , wherein, in said step of forming 
said liquid path walls, simultaneous with the forma- 
tion of said plural liquid path walls on the surface of 
said element substrate, an orifice plate having plu- 
ral discharge openings respectively communicating 
with said plural liquid paths is formed in a position 
corresponding to the front end face of said plural 
liquid path walls. 

A method for producing a liquid discharge head ac- 
cording to claim 1 , wherein, in said step of pattern- 
ing said anti-etching protective film, said first mate- 
rial layer constituting said movable member is pat- 
terned simultaneously with said anti-etching protec- 
tive film. 

A method for producing a liquid discharge head ac- 
cording to claim 1 , wherein said movable member, 
said plural liquid path walls and said orifice plate are 
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form d with silicon nitride, while said gap forming 
member is formed with phosphosilicate glass (PSG) 
and said anti-etching protective film is formed with 
aluminum. 

5 

A method for producing a liquid discharge head ac- 
cording to claim 1 , wherein said element substrate, 
said movable member, said liquid path walls, said 
orifice plate and said ceiling plate contain a same 
material. 10 



A method for producing a liquid discharge head ac- 
cording to claim 5, wherein said element substrate 
is formed by forming plural discharge energy gen- 
erating elements on the surface of a silicon sub- 
strate, and said movable member, said liquid path 
walls, said orifice plate and said ceiling plate are 
formed with silicon nitride. 
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7. A method for producing a liquid discharge head ac- 
cording to claim 1 , further comprising a step of form- 
ing, on the surface of said element substrate, plural 
heater drivers for respectively driving said dis- 
charge energy generating elements in a linear array 
parallel to the direction of array of said discharge 25 
energy generating elements in such a manner that 
said heater drivers respectively correspond to said 
discharge energy generating elements. 

8. A method for producing a liquid discharge head pro- 30 
vided with an element substrate and a ceiling plate 
which are fixed in a mutually opposed state, plural 
liquid path walls provided between said ceiling plate 
and said element substrate and defining plural liq- 
uid paths, plural discharge energy generating ele- 3S 
ments provided in parallel manner on the surface of 
said element substrate so as to be respectively po- 
sitioned in said plural liquid paths, and plural mov- 
able members provided on said element substrate 

so as to respectively oppose to said plural dis- 40 
charge energy generating elements and formed like 
a cantilever, fixed at the upstream ends in the flow- 
ing directbn of the liquid in said liquid paths and 
having free ends at the downstream ends : the meth- 
od comprising steps of: 45 

forming a gap forming member in a position, on 
the surface provided with said discharge ener- 
gy generating element of said element sub- 10. 
strate, corresponding to a bubble generating so 
area where a bubble is generated in the liquid 
by the thermal energy generated by said dis- 
charge energy generating element; 
forming a first material layer to constitute said 
movable member on said gap forming member; ss 
forming an anti-etching protective film in the 
form of said movable member on said first ma- 
terial layer; 



patterning said first material layer thereby form- 
ing said movable member; 
forming a second material layer to constitute 
said liquid path walls so as to cover the upper 
and lateral faces of said patterned anti-etching 
protective film; 

removing a portion corresponding to said liquid 
path in said second material layer by etching, 
thereby forming said liquid path walls and said 
liquid path; 

removing said gap forming member after the 
formation of said liquid path; and 
cutting said element substrate to be plurally 
separated between said step of forming said 
movable member and said step of removing 
said gap forming member. 

A method for producing a liquid discharge head at 
least including: 

a discharge opening for discharging liquid; 
a liquid path communicating with said dis- 
charge opening for supply of said liquid thereto; 
a substrate provided with a heat generating 
member for generating a bubble in said liquid 
filled in said liquid path; and 
a movable member supported by and fixed to 
said substrate in a position opposed to said 
heat generating member on said substrate with 
a gap from said substrate and with a free end 
at the side of said discharge opening; 

wherein the free end of said movable member 
is displaced toward said discharge opening about a 
fulcrum portion formed in the vicinity of the fixing 
portion of said movable member on said substrate 
by the pressure induced by the generation of said 
bubble, whereby said liquid is discharged from said 
discharge opening, the method comprising steps of: 

forming a gap forming member on said sub- 
strate for forming said gap; 
forming said movable member on said gap 
forming member; 

cutting said substrate to be plurally separated; 
and 

removing said gap forming member. 

A method for producing a liquid discharge head in- 
cluding: 

a discharge opening for discharging liquid; 
a liquid path communicating with said dis- 
charge opening for supply of said liquid thereto; 
a substrate provided with a heat generating 
member for generating a bubble in said liquid 
filled in said liquid path; and 
a movable member supported by and fixed to 
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said substrat in a position opposed to said 
heat generating memb r on said substrate with 
a gap from said substrate and with a f re end 
at the side of said discharge opening; 

5 

wherein the free end of said movable member 
is displaced toward said discharge opening about a 
fulcrum portion formed in the vicinity of the fixing 
portion of said movable member on said substrate 
by the pressure induced by the generation of said io 
bubble, whereby said liquid is discharged from said 
discharge opening, the method comprising steps of: 

forming a protective layer on said substrate in 
order to form a plurality of said substrates on a is 
single wafer; 

forming a gap forming member on said sub- 
strate and on said protective layer for forming 
said gap; 

forming a base material for said movable mem- 20 
ber on said substrate, said protective layer and 
said gap forming member; 
patterning said base material for said movable 
member thereby forming said movable mem- 
ber; 25 
removing said protective layer, 
filling a gap filling material in said gap; 
cutting and separating each substrate from the 
wafer; and 

removing said gap forming member by wash- 30 
ing. 

11. A method for producing a liquid discharge head ac- 
cording to claim 10, wherein said step of forming 
said base material for the movable member lami- 35 
nates three or more layers with materials different 

in the Young's modulus. 

12. A method for producing a liquid discharge head ac- 
cording to claim 1 0, wherein said gap filler is applied 40 
by spin coating. 

13. A method for producing a liquid discharge head ac- 
cording to claim 1 2, wherein said gap filler is wax. 

45 

14. A method for producing a liquid discharge head ac- 
cording to claim 12, wherein said gap filler is poly- 
vinyl alcohol. 

1 5. A method for producing a liquid discharge head ac- so 
cording to claim 12, wherein said gap filler is man- 
icure. 

16. A method for producing a liquid discharge head ac- 
cording to claim 1 2, wherein said gap filler is paraf- ss 

fin. 

17. A method for producing a liquid discharge head ac- 



cording to claim 12, wher in said gap filler is a r sist 
material. 

18. A method for producing a liquid discharge head ac- 
cording to claim 12, wherein said gap filler is a mix- 
ture containing at least two of wax, polyvinyl alco- 
hol, manicure, paraffin and resist material. 

19. A method for producing a liquid discharge head in- 
cluding: 

a discharge opening for discharging liquid; 
a liquid path communicating with said dis- 
charge opening for supply of said liquid thereto; 
a substrate provided with a heat generating 
member for generating a bubble in said liquid 
filled in said liquid path; and 
a movable member supported by and fixed to 
said substrate in a position opposed to said 
heat generating member on said substrate with 
a gap from said substrate and with a free end 
at the side of said discharge opening; 

wherein the free end of said movable member 
is displaced toward said discharge opening about a 
fulcrum portion formed in the vicinity of the fixing 
portion of said movable member on said substrate 
by the pressure induced by the generation of said 
bubble, whereby said liquid is discharged from said 
discharge opening, the method comprising steps of: 

forming a protective layer on said substrate in 
order to form a plurality of said substrates on a 
single wafer; 

separating each substrate by cutting from the 
wafer in a state in which a gap filler is filled in 
the gap between said movable member and 
said substrate; and 

removing said gap filler by washing after the 
step of separation by cutting. 

20. A method for producing a liquid discharge head ac- 
cording to claim 1 9, wherein the cutting of said wa- 
fer is executed after another substrate different from 
said substrate is adhered thereto. 

21. A method of forming a liquid ejection head having 
a liquid path having an ejection outlet and being as- 
sociated with a bubble generation region separated 
from the liquid path by a movable member such 
that, in use, generation of a bubble in the bubble 
generation region causes or at least facilitates ejec- 
tion of liquid from the ejection outlet, which method 
comprises providing a gap-defining member on a 
substrate, providing the movable member on the 
gap-defining member and later removing the gap- 
defining member so as to form the bubble genera- 
tion region. 
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22. A method according to claim 21 , which comprises, 
prior to r moving the gap-defining member, provid- 
ing a protective layer over the movable member, 
providing material over the protective layer and then 
patterning the material to define the liquid path. s 
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